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M E M O R A N D U M
SUBJECT: Meet ing S u m m a r y — O T E D i s p o s i t i o n of PRL-1 Report onAsbe s t o s -Contamina t ed Vermicul i t e

•F R O M : J o s e p h J . M e r e n d a , DirectorAssessment Division
TO: Warren R. Muir , Deputy A s s i s t a n t Adminis tratorfor T e s t i n g and Evaluation

On June 12, 1980, the DAA/OTE met with.representatives of theAsse s sment Division ( A D ) , t h e H e a l t h Review Division ( H R D ) , a n dt h e D A A ' s Senior Medical A d v i s e r t o di scus s ' t h e d i s p o s i t i o n o fA D ' s Priori ty Review Level 1 ( P R L - 1 ) report o n asbestos-contaminated vermiculite. The Environmental Review Division(ERD) did not attend but earlier provided comments to AD agreeingwith t h e r e p o r t ' s conclusions.
A f t e r di scus s ion of various a spe c t s of the vermiculite prob l em,the f o l l o w i n g deci s ions were made by the D A A / O T E :

1) The recommendations on p p s . 24-27 of the PRL-1report were a d o p t e d . I m p l e m e n t a t i o n of Recommenda-tion C., in i t ia t e pre-regulatory control op t i on sanalys i s , wil l be done f i r s t through promptcons iderat ion.by the S e c t i o n 6 Pol i cy Group . ADwill provide copies of the PRL-1 to po l i cy groupmembers.
2) Decisions on the scope and manner of implementa t ionof recommendations A and B ( d a t a gather ing anda n a l y s i s ) will f o l l o w dec i s ions on the TSCA rolein taking action on asbes tos-contaminated vermiculi te .

.3) AD wil l d i s cu s s with Jim Reisa mechanises f o rg e t t i n g ORD research in i t ia t ed on the heal the f f e c t s o f vermicul i t e (as oppo s ed to a sbe s to s)f i b e r s .
cc: E. BarreraJ . F i c k eR. GuimondC. M a p e sJ . ReisaJ . RoweM.. S e g a lJ . S e i f t e r
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M E M O R A N D U M
SUBJECT: Review o f Prior i ty Review Level-1( P R L - 1 ) Report - A s b e s t o s - C o n t a m i n a t e d V e r m i c u l i t e

F R O M : J o s e p h J . M e r e n d a , DirectorAss e s smen t Division ( T S - 7 9 2 ) "
TO: Warren R. MuirDeputy A s s i s t a n t A d m i n i s t r a t o rf o r T e s t i n g a n d Evaluation ( T S - 7 9 2 )

J a m e s Reisa, A c t i n g DirectorH e a l t h Review Division ( T S - 7 9 2 )
^ John F i c k e , Act ing DirectorEnvironmental Review Division ( T S - 7 9 2 )

The attached PRL-1 report e n t i t l e d Asbe s t o s -Contaminat edV e r m i c u l i t e i s being d i s t r i b u t e d f or review within th e O f f i c e o fT e s t i n g and Evalua t i on . T h i s chemical was r e f e r r e d to theChemical Review and Eva lua t i on Branch for c on s idera t i on in theP r i o r i t y Problem A s s e s s m e n t ( P P A ) proce s s a s a p o t e n t i a l( b a c k l o g ) 4 ( f ) c a n d i d a t e . C o n s e q u e n t l y ; t h e a t tached documentdoes not a d d r e s s al l p o t e n t i a l sources and e f f e c t s o f thechemical. I n s t e a d , i t a d d r e s s e s on ly those sources and e f f e c t srelevant to the i d e n t i f i e d p r i o r i t y p r o b l e m ; i . e . / the risk ofasbe s to s-re la t ed di s ease s among workers who mine and processv e rmi cu l i t e .
Based on my. review of the PRL-1 r epor t , I recommend thatasse s sment a c t i v i t i e s be continued a f t e r c ompl e t i on of datag a t h e r i n g a c t i v i t i e s t o p r o v i d e a d d i t i o n a l e xpo sur e i n f o r m a t i o nrelevant to an a s s e s smen t of risk. In a d d i t i o n to the prob l emo r i g i n a l l y recommended for c o n s i d e r a t i o n , I a l s o recommend thatda ta g a t h e r i n g and subsequent a s s e s s m e n t a c t i v i t i e s be e x p a n d e dto i n c l u d e an eva lua t i on of the risk to the general p o p u l a t i o nthrough use o f p r o d u c t s c o n t a i n i n g a s b e s t o s - c on tamina t edv e r m i c u l i t e . Because s e c t ion 4 ( f ) o f T S C A i s n o t a p p l i c a b l e t ot h e v e r m i c u l i t e p r o b l e m ( c . f . , M e e t i n g Summary f o r 4 ( f ) M e e t i n g ,May 5, 1 9 8 0 ) , such assessment a c t i v i t i e s shou ld enter the PRL-2s t a g e o f t h e P P A proc e s s without f u r t h e r c o n s i d e r a t i o n o f 4 ( f )a p p l i c a b i l i t y / c r i t e r i a .



The A s s e s s m e n t Division w i l l s chedule a d i s p o s i t i o n meeting theweek of J u n e 9, 1980. T h i s meet ing will f o c u s on the aboverecommendat ions and any i s sue s and i n f o r m a t i o n needs (nota d d r e s s e d in the PRL-1 r e p o r t ) that would i n f l u e n c e an OTEdec i s ion on whether (and how) to proceed in a s s e s s ing thischemical.
AD reques t s that technical comments on the PRL-1 report beprovided in writ ing by COB, J u n e 10, so these can be reviewed byAD s t a f f and, i f . necessary, di scus sed with the coramentors b e f o r ethe d i s p o s i t i o n meeting. Com man ts should be addres s ed toE l i z a b e t h Barrera of AD. The d i s p o s i t i o n meet ing should f o c u s onwhat to do n ex t , why, and how soon, not on a technical review ofthe document.
cc: C. M a p e sE. Barrera
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E X E C U T I V E S U M M A R Y
>V e r m i c u l i t e , a micaceous, h y d r a t e d , magnes ium-iron-aluminura

s i l i c a t e , has been mined in the U n i t e d S t a t e s since 1929.
W. R. G r a c e and Company has been the m a j o r d o m e s t i c s u p p l i e r of
v e rmi cu l i t e since 1958 and c u r r e n t l y market s 80% of the
v e r m i c u l i t e used in the U . S . W . R . Grace & Company a cknowl edged
the pre s ence of a sbe s to s in the vermicul i t e f r o m the ir Lib by,
Montana mine in 1971, and in 1977, an EPA s t u d y repor t ed the
pre sence o f s u b s t a n t i a l amounts o f a s b e s t i f o r m amphibo l e f i b e r s
in the t a i l i n g s ( r e s i d u e s ) f r o m the Libby , Montana mining and
m i l l i n g opera t ions . A f t e r min ing , vermicu l i t e i s proces sed t o
r e m o v e ' i m p u r i t i e s ; however, a t t e m p t s t o remove al l contaminant s
have been u n s u c c e s s f u l and t r e m o l i t e a s b e s t o s remains as a
contaminant in the v e r m i c u l i t e obtained f r o m the Libby mine at a
concentrat ion of at l ea s t 1%.

V e r m i c u l i t e is d i s t r i b u t e d in commerce either as raw ore or in an
e x p a n d e d ( e x f o l i a t e d ) f o r m . C r u d e , u n e x f o l i a t e d v e r m i c u l i t e i s
used in the m a n u f a c t u r e of g y p s u m w a l l b o a r d f c o a t i n g s , a d h e s i v e s ,
c inder b l o c k s , and p a p e r p r o d u c t s . E x f o l i a t e d v e r m i c u l i t e i s
used p r i m a r i l y in loose f i l l and block i n s u l a t i o n as thermal
i n s u l a t o r s , in concrete a g g r e g a t e s , as a f e r t i l i z e r carrier, in
h o r t i c u l t u r e and soil c o n d i t i o n i n g , and in p r e m i x e d a g g r e g a t e s .
In 1977, about 21,000 l o n g tons of crude v e r m i c u l i t e and 3 2 0 , 8 5 4
short tons o f e x f o l i a t e d v e r m i c u l i t e were consumed in th e U . S . ;
the l a r g e s t increa s e s in v e r m i c u l i t e uses have been in l o o s e f i l l
i n s u l a t i o n and f e r t i l i z e r .



W o r k e r e x p o s u r e s to a s b e s t o s - c on tamina t ed v e r m i c u l i t e can occur
d u r i n g both raining and p r o c e s s i n g of th i s subs tance. A d d i t i o n a l
worker e x p o s u r e s to a s b e s t o s - c o n t a m i n a t e d v e r m i c u l i t e may occur
d u r i n g use of the mater ia l but are not a d d r e s s e d in th i s
as s e s sment . A l t h o u g h i d e n t i f i e d v e r m i c u l i t e mining and
p r o c e s s i n g companie s ins i s t that their e m p l o y e e s curr en t ly are
exposed to a sb e s t o s l e v e l s within the pre s cr ibed OSHA asbes to s
workp lac e s t a n d a r d o f 2 m i l l i o n f i b e r s p er cubic meter (2 f / c m 3 ) ,
a v a i l a b l e moni tor ing data ind i ca t e that workers have been exposed
to a sbe s to s f i b e r l e v e l s a s high as 245 f / c r a . The average
w o r k p l a c e e x p o s u r e , however, may be c o n s i d e r a b l y lower based on
noni t or ing data for certain mining operat ions: 0.3 - 2.6 f / c r a 3

in ambient air surrounding the Libby , Montana mine; 0.6-1.8 f / c m 3

f or equipment o p e r a t o r s ; and 0.2-5 f / c r a 3 f or e m p l o y e e s in l o a d i n g
areas. In a d d i t i o n to worker e x p o s u r e s , a s u b s t a n t i a l p or t i on of
the general p o p u l a t i o n a l so i s p o t e n t i a l l y e xpo s ed to asbestos-
contaminated v e r m i c u l i t e because c er ta in consumer p r o d u c t s ( l a w n
care p r o d u c t s ) may contain l a r g e q u a n t i t i e s ( i . e . , about 50%) of
v e r m i c u l i t e ( T h o m p s o n 1 9 7 9 ) .

In December 1978, O. M. S c o t t & S o n s s u b m i t t e d i n f o r m a t i o n to the
EPA r e g a r d i n g h e a l t h prob l ems e x p e r i e n c e d by e m p l o y e e s who were
p r o c e s s i n g a s b e s t o s - c o n t a m i n a t e d v e r m i c u l i t e . T h e or ig inal
submi s s i on i n d i c a t e d that b l o o d y p l e u r a l e f f u s i o n s h a d been
d e t e c t e d in 4 of 350 e m p l o y e e s ; s y m p t o m a t o l o g y and c l i n i c a l
f i n d i n g s in the e m p l o y e e s were s i m i l a r to those f o u n d in
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I
i n d i v i d u a l s with a s b e s t o s - r e l a t e d d i s ea s e s . S u b s e q u e n t f o l l o w - u p
s t u d i e s by th e Occupat i onal S a f e t y and H e a l t h A d m i n i s t r a t i o n
( O S H A ) revealed that t h e p r e v a l e n c e o f h e a l t h prob l ems among
e m p l o y e e s at O . M . S c o t t & S o n s was greater than o r i g i n a l l y
e x p e c t e d . T h i r t y - t w o cases o f p l eura l a n d / o r i n t e r s t i t i a l
abnormal i t i e s were d e t e c t e d by chest X-rays a n d / o r s p i r o m e t r i c
measurements ( X - r a y s were taken for 125 of 221 worker s).

Because there are no p u b l i s h e d r e p o r t s on the h ea l th e f f e c t s of .
e i ther "pure" v e r m i c u l i t e ( f i b r o u s or n o n f i b r o u s ) or asbe s to s-
contaminated v e r m i c u l i t e , medical records o f f o u r S c o t t e m p l o y e e s
that d e v e l o p e d p l e u r a l a b n o r m a l i t i e s as we l l as d a t a on the
h e a l t h e f f e c t s a s so c ia t ed with a sb e s t o s e xpo sure (cancer and
a s b e s t o s i s ) were used to eva lua t e the po t en t ia l risk to workers
who mine and proce s s a s b e s t o s - con taminat ed vermicu l i t e . EPA ri sk
e s t i m a t e s , based on a sb e s t o s e xpo sure , p r o j e c t that 1 of every 10
workers expo s ed to 2 f / c m (or 1 of every 200 workers e xpo s ed to
0.1 f/cicr) for 50 years w i l l die pr emature ly f r om an asbestos-
r e l a t e d di sease .

In summary, there is ev idence that a sbe s t o s is p r e s en t in
vermicu l i t e ob ta ined f r o m W . R . G r a c e & C o m p a n y ' s Libby , M o n t a n a
mine and that the h e a l t h p r o b l e m s e x p e r i e n c e d by the e m p l o y e e s of
one proce s sor of v e r m i c u l i t e f r o m the Libby mine (O. M. S c o t t &
S o n s ) ar e c o m p a r a b l e wi th those a s s o c ia t ed with a s b e s t o s
expo sure . Risk e s t i m a t e s c a l c u l a t e d f or e x p o s u r e t o a s b e s t o s , a t
f i b e r l e v e l s wi th in t h e range s r e p o r t e d f o r v e r m i c u l i t e min ing



and p r o c e s s i n g o p e r a t i o n s , s u g g e s t that a s b e s t o s - con taminat ed
vermi cu l i t e may pose a serious and w i d e s p r e a d hazard to
workers. However , in the absence of d a t a on e xpo sur e of
employe e s in other vermicul i t e mining and proc e s s ing operat ions
or of a s b e s t o s contaminat ion leve l s" of v e r r a i c u l i t e f r om other
sources, it is not p o s s i b l e to f u l l y eva lua t e the risks to
workers in all vermicul i t e indus tr i e s . However, the extent of
exposure f r om vermicu l i t e derived f r o m the Libby mine i s l i k e l y
to be l a r g e , c on s id er ing that thi s source accounts for
a p p r o x i m a t e l y 80% of the v e rmi cu l i t e used in the U . S .



I . B A C K G R O U N D
A. Problem I d e n t i f i c a t i o n . The Chemical H a z a r d

I d e n t i f i c a t i o n Branch ( C H I B ) o f t h e A s s e s s m e n t Division
i n t h e O f f i c e o f P e s t i c i d e s a n d T o x i c S u b s t a n c e s ( O P T S )
received i n f o r m a t i o n , in December 1978, f rom the
v e r m i c u l i t e i n d u s t r y i n d i c a t i n g that f o u r cases o f
b l o o d y p l e u r a l e f f u s i o n s o f the lungs and one p o s s i b l e
case of a s b e s t o s i s had been de t e c t ed among 350 employee s
at the O.M. S c o t t & Sons chemical f e r t i l i z e r p lan t in
M a r y s v i l l e , Ohio. T h i s p l a n t uses v ermicu l i t e , some of
which is contaminated with t r e m o l i t e a sbe s to s , as a

^ sub s t ra t e for i t s commercial lawn care p r o d u c t s ( O . M .
S c o t t & S o n s 1978). Subsequent to its p r epara t i on of a
p r i o r i t y Chemical H a z a r d I d e n t i f i c a t i o n P r o f i l e ( C H I P )
on vermicul i te , CHIB, with the concurrence of the
Environmental and H e a l t h Review D i v i s i o n s , r e f e r r e d the
prob l em to the Chemical Review and Evaluat ion Branch
( C R E B ) f o r P r i o r i t y Problem A s s e s s m e n t . T h e s p e c i f i c
problem to be evaluated was the po t en t ia l risk of
a s b e s t o s - r e l a t e d d i s e a s e s among workers who mine and
proce s s a sb e s t o s- contaminated v ermicu l i t e .

B. M i n e r a l o g y . V e r m i c u l i t e is a micaceous, h y d r a t e d ,
magnes ium-iron-aluminum s i l i c a t e with a l a m e l l a r ( p l a t e -
l i k e ) s t ru c tur e ( S w e n s s o n 1 9 7 5 ) . T h i s minera l , which i s
r e l a t e d to and o f t e n a s s o c i a t e d with a s b e s t o s , has been
r e f e r r e d t o a s z o n o l i t e ( W . R . Grac e & Company 1 9 7 9 ) ,



V e r x i t e R ( H a w l e y 1 9 7 7 ) a n d p h y l l o s i l i c a t e c lay ( D o u g l a s
1 9 7 7 ) ; it can be f ound in n o n f i b r o u s and f i b r o u s f o r m s
( M a r s h a l l 1 9 7 7 ) . C o m m e r c i a l l y / "vermiculi te" i n c l u d e s
any micaceous mineral that can e x p a n d , r e g a r d l e s s of its
chemical c ompo s i t i on or the r e g u l a r i t y of its crystal

•

s t ru c tur e (Brobst and Pratt 1 9 7 3 ) . Pure vermicul i t e can
be e x p a n d e d ( e x f o l i a t e d ) up to 30 t imes its or ig inal
volume when heated to 1 , 0 0 0 - 2 , 0 0 0 ° F , though impure
vari e t i e s expand l e s s ( O t i s 1 9 5 9 ) .

T h e w o r l d ' s large s t v ermicu l i t e d e p o s i t i s i n L i b b y ,
M o n t a n a . Other d e p o s i t s , in order of s i g n i f i c a n c e to
the U . S . i n d u s t r y , are in the Palabora region of
nor thea s t e rn T r a n s v a a l , South A f r i c a , South C a r o l i n a
( I n n e r P i e d m o n t P r o v i n c e ) , V i r g i n i a ( B l u e Ridge
P r o v i n c e ) , N o r t h C a r o l i n a , and G e o r g i a . S c a t t e r e d
d e p o s i t s a l s o are l o ca t ed in W y o m i n g , T e x a s , C o l o r a d o ,
C a l i f o r n i a , N e v a d a , A r i z o n a , W a s h i n g t o n , a n d Oregon
(Brob s t and Prat t 1 9 7 3 ) . W e a t h e r i n g proce s s e s may
r e su l t in the f o r m a t i o n of other co-ex i s t ing mineral
p h a s e s , p r e d o m i n a n t l y h y d r o u s , magne s ium s i l i c a t e s
( a n t h o p h y l l i t e , t r e m o l i t e , s e r p e n t i n e and c h r y s o t i l e
m i n e r a l s ) which occur as i n t e r g r o w t h s , micro s cop i c
n o d u l e s or d i s c r e t e zones wi thin or a d j a c e n t to
vermicu l i t e .



T h e s e s i l i c a t e s can occur in n o n f i b r o u s and f i b r o u s
f o r m s . The i n t e r g r o w t h of the f i b e r i s such that even
ex t en s iv e p u r i f i c a t i o n ( b e n e f i c i a t i o n ) may not y i e l d a
pure produc t . Where the f in e-gra ined in t ergrowth s
occur, the proce s s ed p r o d u c t s w i l l l i k e l y contain
r e s i dua l t r e n o l i t e (Rohl et al. 1 9 7 7 ) . T a l c or
t r e m o l i t e d e p o s i t s may occur g e o l o g i c a l l y in such c l o s e
j u x t a p o s i t i o n to chryso t i l e or other ore bodies that
contaminat ion of t a l c or t r e m o l i t e with s e r p e n t i n e ,
d o l o m i t e , m a g n e t i t e , p y r o p h y l l i t e s and c lay s may occur
( S c h e p e r s 1 9 6 5 ) . T h i s has been shown to be true of the
Libby, Montana mining s i t e (Eaton 1979).

An e l e c tron micro s copic a n a l y s i s by OSHA of v e rmi cu l i t e
s a m p l e s f r o m the Libby, M o n t a n a , mine revealed the
pre sence of t r e m o l i t e a sbe s to s (Dixon 1980).
S u b s t a n t i a l amounts o f a s b e s t i f o r m amphibo l e f i b e r s a l s o
have been f o u n d in t a i l i n g s ( r e s i d u e s ) f r o m the Libby
mine ( S t e w a r t 1 9 7 6 ) . In a d d i t i o n , the propo s ed Big
S p r i n g s , V i r g i n i a v e r m i c u l i t e mine was f o u n d to be
contaminated with a s b e s t o s ( H a i m e r 1 9 7 7 ) .

V e r m i c u l i t e f r o m t h e P a l a b o r a , S o u t h A f r i c a , mine al so
has been a n a l y z e d u s ing e l e c t r o n micro s cop i c
t e chnique s . Data f r o m these s t u d i e s ( C h a t f i e l d a n d
L e w i s 1979, W i s e n b a f c e r and A r n o l d 1 9 7 6 ) show no p o s i t i v e
i d e n t i f i c a t i o n of a s b e s t o s in the s a m p l e s of raw or



e x f o l i a t e d v ermi cu l i t e f r o m the Palabora mine. Some
f i b e r - l i k e m a t e r i a l , m o r p h o l o g i c a l l y s imi lar t o
c h r y s o t i l e a sb e s t o s f i b e r s , was examined and f o u n d to be
nore l i k e l y f r a g m e n t s o f vermicu l i t e " s c ro l l s " which
occur in v e rmi cu l i t e f l a k e s . The authors reported

*
concentrat ions of 1.3 p p m / 0.6 ppra and 0.2 ppra for th i s
f i b r o u s material in t er ca la t ed between f l a k e s o f raw
vermicu l i t e , f r o m raw vermicul i t e d u s t , and f r om
e x f o l i a t e d v e rmi cu l i t e , r e s p e c t i v e l y . N o amphibo l e
a sbe s to s ( d e t e c t i o n l i m i t s 0.8 ppm in i n t e r c a l a t e d
s a m p l e s and 0.007 ppm in d u s t ) was observed. T h u s ,
evidence to date s u g g e s t s that the Palabora, South«i
A f r i c a n mine i s e s s e n t i a l l y f r e e o f a s b e s t i f o r m f i b e r s
and has low concentrations of other f i b r o u s mater ia l s .

C. M o n i t o r i n g and M e a s u r i n g A s b e s t o s Contamina t i on . The
current OSHA limi t on. o c cupat ional e xpo sur e to a s b e s t o s
f i b e r s is an 8-hour t ime-weighted average of 2 f i b e r s
per m i l l i l i t e r (2 m i l l i o n f i b e r s per cubic meter , 2
f / c m ), no l o n g e r than 5 micrometers with a l ength- to-
width rat io of at l eas t 3:1 d e t e c t e d by a method u s i n g
phase contras t ( o p t i c a l ) micro s copy ( O S H A . 1 9 7 2 ) . A
d i s a d v a n t a g e in us ing phase-contras t o p t i c a l m i c ro s c o py ,
rather than the higher r e s o l u t i o n e l e c t r on micro s c opy
( w h i c h is nore t ime-consuming and e x p e n s i v e ) , is that it
is not p o s s i b l e to count all the f i b e r s in a given
s a m p l e . A d d i t i o n a l l y , it is not always p o s s i b l e to



d i s t i n g u i s h between a sbe s to s and other f i b e r s using
o p t i c a l microscopy.

Personal and environmental moni tor ing s a m p l e s were taken
and analyzed at the O.M. S c o t t & S o n s , M a r y s v i l l e , Ohio
p l a n t and at the W . R . Grace & C o m p a n y ' s Libby, Montana
mine, us ing the s tandard o p t i c a l microscopy method
de s cr ibed above (O. M. S c o t t & S o n s 1978, W . R . Grace &
Company 1979). A l t h o u g h the submissions f rom both
companie s r e f e r to measured f i b e r l e v e l s as a sbe s to s
f i b e r l e v e l s , it is important to note that f i b e r s other
than a sb e s t o s ( e . g . , v e r m i c u l i t e or other mineral

\ f i b e r s ) may have been coin ted in the s a m p l e s analyzed by
these companies. T h i s s t a t emen t is based on the
f o l l o w i n g f a c t o r s : vermiculi te occurs in f i b r o u s and
n o n f i b r o u s f o r m s ; e l e c t r o n microscopic a n a l y s e s were
used only o c c a s i o n a l l y to eva luat e and i d e n t i f y the
f i b e r s in the s a m p l e s ; and no f i b e r size d i s t r i b u t i o n
was done on the "asbestos" f o u n d in the vermicul i t e
s ample s.

D. H i s t o r i c a l Background. V e r m i c u l i t e has been mined in
the U n i t e d S t a t e s since 1929 (Brob s t and Prat t 1 9 7 3 ) .
W . R . Grac e & Company ha s accounted f or th e m a j o r i t y o f
th e v e r m i c u l i t e s u p p l i e d in th e U n i t e d S t a t e s since
1958, and c u r r e n t l y marke t s 80% of the v e r m i c u l i t e in
t h e U . S . ( E a t o n 1 9 7 9 ) . W . R . Grace & C o m p a n y



acknowledged the presence of a sbe s to s in the vermicul i t e
f r o m the ir Libby, Montana mine in 1971 (Banner 1 9 7 7 ) ,
and in 1977, an EPA s t u d y r epor t ed the pre s ence of
s u b s t a n t i a l amounts o f a s b e s t i f o r m amphibo l e f i b e r s in
the t a i l i n g s ( r e s i d u e s ) f r o m the Libby mining and

*m i l l i n g opera t i on ( S t e w a r t 1 9 7 6 ) .

For the pas t twenty years, O.M. S c o t t & S o n s has
received at least 50% of their vermicul i t e f r om the
Libby mine and the remaining 50% f r o m the Palabora
M i n i n g Company, S o u t h A f r i c a ( O . M . S c o t t & S o n s 1978).
Previous a sb e s t o s expo sure l e v e l s in the t r i on iz ing area
were r e p o r t e d l y 100 t imes the current OSHA w o r k p l a c e
s tandard of 2 mi l l i on f i b e r s per cubic meter, however,
the advent o f b e t t er control t e c h n o l o g y ( e . g . , erection
of a wal l s e p a r a t i n g d e p a r t m e n t s , enc lo s ed conveyors,
e q u i p m e n t , and machinery p l u s the use of r e s p i r a t o r s )
ha s s u b s t a n t i a l l y lowered th e f i b e r l e v e l s ( O . M . S c o t t &
S o n s 1978).

In 1978, O . M . S c o t t & S o n s s ubmi t t ed i n f o r m a t i o n
i n d i c a t i n g that f o u r cases o f b l o o d y p l e u r a l e f f u s i o n s
of the l u n g s and on p o s s i b l e case of a s b e s t o s i s had been
d e t e c t e d a t their chemical f e r t i l i z e r p l a n t . Soon a f t e r
the h e a l t h prob l ems at O . M . S c o t t & S o n s were r e p o r t e d ,
O S H A i n i t i a t e d a p r e l i m i n a r y med i ca l i n v e s t i g a t i o n
( c h e s t X-ray e x a m i n a t i o n s ) o f the S c o t t e m p l o y e e s which



reveal ed an a d d i t i o n a l 32 cases of p l e u r a l abnormal i t i e s
?

o f varying d e g r e e s (Brooks and S m i t h 1 9 7 9 ) . S t u d i e s
have shown that not only are p l e u r a l e f f u s i o n s an
ind i ca t i on of a toxic e f f e c t in the l u n g s or surrounding
t i s s u e , they al so are a t y p i c a l reaction to asbes tos
exposure ( P r e g e r 1978}. Bloody p l eura l e f f u s i o n s can be
an early sign of p l e u r a l meso the l ioma in humans
o c c u p a t i o n a l l y expo s ed or p a r a - o c c u p a t i o n a l l y exposed to
asbestos ( S e l i k o f f 1978).

The a sbe s to s contaminat ion of vermicul i t e and h e a l t h
• prob l ems re lated to asbe s to s e x p o s u r e s have received

c o n s i d e r a b l e a t t en t i on f r o m the F e d e r a l sector dur ing
the pa s t three years. Per t inen t pas t and ongoing
a c t i v i t i e s are summarized below.

1) U p o n reviewing a request for a p lanned v ermicu l i t e
mining s i te in Big S p r i n g s , V i r g i n i a , EPA received
i n f o r m a t i o n that a sbe s to s was present in that
p a r t i c u l a r vermicu l i t e d e p o s i t (Banner 1 9 7 7 ) .

2 ) T h e Consumer Product S a f e t y Commission ( C P S C )
c o n s i d e r s v e rmi cu l i t e s u b j e c t t o inadver t en t
a s b e s t o s c on tamina t i on and, t o g e t h e r with E P A , ha s



p u b l i s h e d in the F e d e r a l R e g i s t e r an Advance N o t i c e
of Propos ed Rul emak ing , s t a t i n g the ir int ent ion to
c oord ina t e e f f o r t s with EPA to control human
expo sure t o a s b e s t o s ( C P S C 1 9 7 9 ) *

•
3 ) E P A ' s O f f i c e o f A i r Q u a l i t y Planning a n d S t a n d a r d s ,

Research T r i a n g l e Park, N o r t h C a r o l i n a , i s
e v a l u a t i n g new source p e r f o r m a n c e s t a n d a r d s on 18
mineral s under S e c t i o n 111 of the Clean Air Act
( P u b l i c Law 91-604} to l imi t air emis s ions of
vermi cu l i t e dust in crushing operat ions ( C h a p u t
1 9 7 9 ) .

4) The a s b e s t o s in v e r m i c u l i t e is r e g u l a t e d by the
Occupat ional S a f e t y a n d H e a l t h A d m i n i s t r a t i o n ' s
( O S H A ) S t a n d a r d f o r Expo sur e t o A s b e s t o s Dust ( 3 7

F R 11318, J u n e 7 , 1972; 2 9 C F R Part 1910). T h i s
s tandard s t a t e s that the 8-hour, t ime-weighted
average ( T W A ) airborne concentrat ions o f a s b e s t o s
f i b e r s to which any e m p l o y e e may be exposed sha l l
not exceed 2 m i l l i o n f i b e r s ( l o n g e r than 5
m i c r o m e t e r s ) per cubic meter of air. OSHA is
f u r t h e r i n v e s t i g a t i n g th e occurrence o f a sbe s to s-
r e l a t e d d i s e a s e s in workers h a n d l i n g v e r m i c u l i t e at
O.M. S c o t t & S o n s ( A l e x a n d e r 1 9 7 8 ) .
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I I . E X P O S U R E A N A L Y S I S
;A. P r o d u c t i o n and U s e . V e r m i c u l i t e has a varie ty of

p h y s i c a l p r o p e r t i e s that make it s u i t a b l e for many
d i f f e r e n t uses. I t c o n s i s t s o f th in, f l a t , mica f l a k e s
conta ining micro scopic d r o p l e t s o f water. When the
crude mineral is h e a t e d , its water of c r y s t a l l i z a t i o n
vapor iz e s and i s t r a p p e d between the f l a k e s . T h i s
causes the v ermicu l i t e to e x f o l i a t e and become l ight-
weight ( S w e n s s o n 1 9 7 5 ) . T h e s e s p e c ia l p r o p e r t i e s make
it a prime c a n d i d a t e for the uses described in this
section. C r u d e , u n e x f o l i a t e d vermicul i te is used in the

. m a n u f a c t u r e o f g y p s u m w a l l b o a r d , c oa t ing s , adhes ive s ,«»
c inder b locks and p a p e r p r o d u c t s ( c a r d b o a r d ) for
i n s u l a t i o n p u r p o s e s . It is a l so used as a p l a s t i c s
e x t ender and as an ion-exchange agent in was tewater
tr ea tment ( H a i n e s 1 9 7 7 ) .

In 1977, a p p r o x i m a t e l y 21,000 long tons of crude
v e r m i c u l i t e were consumed in the U . S . As shown in
T a b l e 1, 320,854 short tons of e x f o l i a t e d v ermicu l i t e
were used in 1977, p r i m a r i l y in loose f i l l i n s u l a t i o n ,
in concrete a g g r e g a t e s , in block i n s u l a t i o n , as a
f e r t i l i z e r carrier, in h o r t i c u l t u r e and soil condit ion-
ing , and in premixed a g g r e g a t e s ( e . g . , for acous t i c and



T a b l e 1. D i s t r i b u t i o n of E x f o l i a t e d V e r r a i c u l i t e S o l d or U s e d in 1975-1977

1975A p p l i c a t i o n

A g g r e g a t e s :ConcreteP l a s t e rPremixe s a

S u b t o t a l
I n s u l a t i o n :Loose f i l lBlockPackingS u b t o t a l
A g r i c u l t u r e :H o r t i c u l t u r eand soil *c o n d i t i o n i n gF e r t i l i z e rcarrierS u b t o t a l
M i s c e l l a n e o u s :

T o t a l

Shorttons

75,0004,00038,000117,000

39,00035,000
74,000

31,000
7,00038,000
6,000

235,000

Percentof to ta l

3211750

1615
31

13
316
3

Too"

1976Shorttons

*

67,7063,09939,448
110,253

39,05839,31039078,758

3 6 , 3 7 9
37,450 b

73 ,829 D

7,334

270,174

Percentof t o ta l

2511541

1415
29

13
1427

3

100

1977Shorttons

6 5 , 9 2 03 , 5 9 930,13099,649

74,900
50,980

168
126,048

40,780
47,58088,360

6 , 7 9 7

320,854

Percentof t o t a l

211931

2316
39

13
1528

2

Too"
S o u r c e : H a i n e s 1977.a I n c l u d e s v e r m i c u l i t e s used in p r e m i x e s for acoust ic and f i r e p r o o f i n gp u r p o s e s , d e cora t iv e t e x t u r e s , mois ture s e a l a n t s , etc.
k Revised.



f i r e p r o o f i n g p u r p o s e s , decorat ive t e x tur e s and moisture
s e a l a n t s ) . The large s t increases in use have been in
the loose f i l l in su la t i on and f e r t i l i z e r carrier l ine s
( H a i n e s 1977).

B. P o t e n t i a l Occupat ional E x p o s u r e . A s b e s t o s contamination
of v ermicu l i t e d e p o s i t s is d e p e n d e n t on the g eo l og i ca l
s e t t i n g of the d e p o s i t . W h e r e a sb e s t o s is f o u n d as a
contaminant in a vermicul i t e d e p o s i t , expo sure to both
asbe s to s and vermicu l i t e may occur during mining and
proce s s ing of the vermiculite. T h e r e are no f e d e r a l
s tandard s or l i m i t s on exposure to verraicul i t e per se;\ however, the t r emol i t e asbestos-contaminated vermiculite
mining and pro c e s s ing opera t ions are s u b j e c t to the same
r e g u l a t i o n s as those a p p l i e d to the mining and m i l l i n g
of commercial asbes tos .

E x p o s u r e During M i n i n g . V e r m i c u l i t e is obtained by
s t r i p - m i n i n g techniques u s ing heavy earth-moving
equipment . In the p a s t , mining e m p l o y e e s have been
expos ed to a s b e s t o s - c o n t a i n i n g f i b e r l e v e l s in excess of
th e current OSHA s tandard o f 2 f / c m 3 ( W . R . Grace &

The d a t a on vorker e x p o s u r e s d u r i n g m i n i n g , pro c e s s ing-b e n e f i c i a t i o n and screening are f r o m the submi s s i on s of W . R .Grace & Company v f l i i c h marke t s 80% of the v e r m i c u l i t e in theU . S .
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Company 1 9 7 9 ) . + Current l e v e l s in the ambient air
s u r r o u n d i n g the Libby, Montana mine range f r o m 0.3 to
2 . 6 f / c m ( W . R . Grace & Company 1 9 7 9 ) . Equipment
operator l e v e l s , lower today than in the past because of
the use of enclosed equipment and machinery, range f r o m

*
0.6 to 1.8 f / c m 3 ( W . R . Grace & Company 1 9 7 9 ) . A f t e r
mining, the v ermicu l i t e ore is put into sealed
containers and t r a n s p o r t e d to the b e n e f i c i a t i o n
( p u r i f i c a t i o n ) p l a n t .

Expo sure During Proces s ing.
B e n e f i c i a t i o n : During b e n e f i c i a t i o n / i m p u r i t i e s in the
raw v e r m i c u l i t e ore are p h y s i c a l l y s eparated by
screening and washing. B e f o r e 1959, verraicul i t e ore was
b e n e f i c i a t e d by dry methods in which screens, d irec t-
f i r e d d r y e r s , pneumat i c t a b l e s , and air s epara t or s were
used. To reduce the -dust l e v e l s to which e m p l o y e e s were
e x p o s e d , these methods were r ep lac ed by a "wet" proces s
in which adher ing clay and other i m p u r i t i e s are removed
by washing. The n o n e x p a n d a b l e , very f i n e f i b r o u s and
n o n f i b r o u s f o r m s of v e r m i c u l i t e are removed by a rock-
r e j e c t i o n p r o c e d u r e , and the ore is then conc en tra t ed
and d r i e d . A t t e m p t s to remove all c o n t a m i n a n t s f r o m the
vermi cu l i t e have been u n s u c c e s s f u l a n d , t r e m o l i t e

+ The current a sb e s t o s OSHA w o r k p l a c e s t andard o f 2 f / c m 3 i sused f or c ompara t iv e p u r p o s e s only. The reader should notethe e x i s t i n g h e a l t h risk at t h i s l eve l o f a sb e s t o s e x p o s u r e( s e e p a g e 2 1 ) .
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asb e s t o s remains as a contaminant in the v e r m i c u l i t e
ob ta ined f r o m the Libby mine at a concentrat ion of at
l ea s t 1% ( W . R . Grace & Company 1 9 7 9 ) .

S c r e e n i n g ; At the screening p l a n t , the in e x f o l i a t e d
v e r m i c u l i t e ore i s s epara t ed into f i v e s ize s , p a c k a g e d ,
l o a d e d onto ra i lroad cars and sent to d i s t r i b u t o r s , y f o o
either e x f o l i a t e it or se l l the concentrate as is.
A v a i l a b l e data show that the raw verraicul i t e ore is
mined, b e n e f i c i a t e d , and screened in Montana a n d / o r
S o u t h A f r i c a and s h i p p e d t o e x p a n d i n g ( e x f o l i a t i o n )
p l a n t s such as O.M. Sco t t & Sons in M a r y s v i l l e , Ohio.
E m p l o y e e s in the l o a d i n g area are exposed to f i b e r
l e v e l s that range f rom 0.2 to 5 f/cmr ( W . R . Grace &
Company 1979).

T r i o n i z a t i o n process:* S c o t t hae been using th e

t r i o n i z i n g proce s s to m a n u f a c t u r e i t s lawn care p r o d u c t s
for 20 years. In these p r o d u c t s , v e r m i c u l i t e is an inert
carrier for f e r t i l i z e r chemicals or f e r t i l i z e r p l u s
p e s t i c i d e chemical s . F i r s t , the ore i s e x f o l i a t e d with
heat so that its l ayer ed s t r u c t u r e u n f o l d s in an
accord ion- l ike manner. T h i s create s a gr ea t e r s u r f a c e
area to vtiich the chemicals can adhere. ' The e x f o l i a t e d
v e r m i c u l i t e u s u a l l y i s stored b e f o r e the chemical s are
a d d e d . A f t e r the chemical s are a d d e d , the mater ia l i s

The remainder of the p r o c e s s i n g sect ion cons i s t s of datar e l a t e d s p e c i f i c a l l y t o o p e r a t i o n s p e r f o r m e d a t O . M . S c o t t &
S o n s .
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p a c k a g e d . B e f o r e 1976, e m p l o y e e s working near or in the
u n l o a d i n g area (where the in ex f o l i a ted ore was dumped
f r o m rai lroad c a r s ) were exposed to a sbe s to s f i b e r
l e v e l s s i g n i f i c a n t l y above t h e 2 f / c m 3 O S H A s t a n d a r d ;
l e v e l s as high as 245 f / c m were r epor t ed (O. M. S c o t t &

•

Sons 1978). The unload ing area was not s eparat ed f r o m
the t r ioniz ing area. In 1976, a wa l l was erected
between these areas and enclo sed conveyors were
i n s t a l l e d to transport the vermicul i t e , measures that
r e p o r t e d l y have s i g n i f i c a n t l y lowered th e f i b e r l e v e l s
(O. M. S c o t t & S o n s 1978).•

P a c k a g i n g ; S a m p l i n g for to ta l and r e s p i r a b l e dus t and
to tal f i b e r s ( i n c l u d i n g a s b e s t o s ) in the packag ing area
showed that l e v e l s are below 2 f / c r a when the b a g g i n g
equipment and dus t c o l l e c t i n g equipment are working
p r o p e r l y ( 0 . M . S c o t t & S o n s 1978).

Maintenance; Worker s are exposed to the highes t dust
l e v e l s when the emi s s i on s control e q u i p m e n t , e.g. ,
baghouse , a ir c o l l e c t i n g f a n s , and v e n t i l a t i o n s y s t e m s ,
i s being r epa i r ed . A l t h o u g h expo sure l e v e l s d u r i n g
r epa ir o p e r a t i o n s d e p e n d on the ex t ent of the r e p a i r ,
and the h o u s e k e e p i n g p r a c t i c e s of the p l a n t , they tend
to be above the 2 f / c m 3 OSHA s t a n d a r d . Some p l a n t s W h i c h
u t i l i z e v e r m i c u l i t e in the ir p r o d u c t are known to have
"peak" s easons when p r o d u c t i o n increase s because of the
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demand for the p r o d u c t . M a i n t e n a n c e o f equipment and
the f r e q u e n c y of r e p a i r s a l s o may increase dur ing thi s
t ime, r e s u l t i n g in increased exposure of workers to
asbe s t o s (0. M. S c o t t & S o n s 1 9 7 8 ) .

D i s p o s a l t Any f i n e dust generated during proc e s s ing i s
washed into a w a s t e w a t e r s tream that is r e cyc l ed into
the p l a n t (O. M. S c o t t & Sons 1978). W a t e r is employed
in the wet m i l l i n g operat ion as well as for carrying the
mineral t a i l i n g s to s e t t l i n g pond s . Local sources near
the Libby mine s u p p l y the water, but the sy s t em is
c lo sed and there is no drainage into nearby streams or\
rivers ( O . M . S c o t t & Sons 1978). Coarse t a i l i n g s mixed
with water are poured d o w n h i l l into the f i r s t of two
s e t t l i n g p o n d s where they are contained ( S t e w a r t 1 9 7 6 ) .

I I I . H E A L T H E F F E C T S
T h e i d e n t i f i e d h e a l t h e f f e c t s a s soc iated with expo sure t o
vermicul i t e can be a t t r i b u t e d to its a sbe s to s contaminant.
•However, there is also the p o s s i b i l i t y that the pre sence of
f i b r o u s v e r m i c u l i t e and other f i b r o u s m a t e r i a l s may have
enhanced the h e a l t h p r o b l e m s . E p i d e m i o l o g i c research has
i d e n t i f i e d cancers o f t h e l u n g , p l e u r a , p e r i t oneum, l a r y n x ,
oral cav i ty , e s o p h a g u s , s tomach, colon and X i d n e y as hazard s
of a sbe s to s expo sure . I n h a l a t i o n o f a s b e s t o s a l s o p r o d u c e s a
noncancerous l u n g d i s e a s e ( a s b e s t o s i s ) .

15



Dose-re spons e r e l a t i o n s h i p s ( i n c r e a s i n g risk with increas ing
a sb e s t o s e x p o s u r e ) have been shown for lung cancer ( N e w h o u s e
and Berry 1 9 7 9 ) , p l e u r a l and p e r i t o n e a l me so the l i oraa ( H o b b s
et al. 1 9 7 9 ) * larynx cancer (Rubino et al. 1 9 7 9 ) , stomach
cancer ( H a m r o o n d 1 9 7 9 ) . a n d a s b e s t o s i s ( L i d d e l l 1 9 7 9 ) . S u p p o r t
for a l in ear , nonthre sho ld model* of d o s e - r e s p o n s e is provided
by two s t u d i e s of r e sp ira tory cancer ( M c D o n a l d and L i d d e l l
1979, H e n d e r s o n and E n t e r l i n e 1 9 7 9 ) and one s t u d y of p l e u r a l
me so the l i oma ( H o b b s et al. 1 9 7 9 ) among asbe s to s workers.
T h r e e s t u d i e s al so exist which are cons i s t en t with a s imi lar
d o s e - r e s p o n s e r e l a t i o n s h i p between a sb e s t o s expo sure and the
risk of a s b e s t o s i s ( L i d d e l l 1979, M c D o n a l d 1979, Berry et al.
197*9).

T h e s e d o s e - r e s p o n s e s t u d i e s are s u p p o r t e d by evidence of
h e a l t h e f f e c t s r e s u l t i n g f r o m r e l a t i v e l y l o w l e v e l s o f
a sbe s to s exposure . W o r k e r s e xpo s ed to a sb e s t o s for the
equivalent of 5 years at the current w o r k p l a c e s tandard of 2
m i l l i o n f i b e r s per cubic meter exhibi t increased lung cancer
risk. M e s o t h e l i o m a , "a marker di sease" ( d i s e a s e that is
a lway s , or near ly a l w a y s , caused by a p a r t i c u l a r a g e n t ) for
asbe s t o s e x p o s u r e , has occurred in per sons with e xpo sur e s as
br i e f as one or two days and in p er s on s with s t e a d y e xpo sur e s
as low as those f o u n d in the homes of a s b e s t o s workers and in
the ne ighborhoods around a s b e s t o s mines , a s b e s t o s p r o d u c t
f a c t o r i e s , and s h i p y a r d s . S i g n s o f a s b e s t o s i s a l s o have been
d e t e c t e d (by X - r a y ) among p e r s o n s sharing h o u s e h o l d s wi th
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asbe s to s workers a c t i v e l y employed for l e s s than a year
( A n d e r s o n e t a l . 1 9 7 9 ) . The o c cupa t i ona l s t u d i e s cons i s t ent
with the l inear non thr e sho ld d o s e - r e s p o n s e model and the
s t u d i e s showing risks at exposure l ev e l s lower than those
f o u n d in the workp la c e s u p p o r t the conclus ion that asbestos
exposure in the environment may be expe c t ed to produc e
adverse hea l th e f f e c t s .

T h e r e are no p u b l i s h e d r e p o r t s on the h ea l th e f f e c t s of
either vermiculi te alone ( f i b r o u s or n o n f i b r o u s ) or
v e r m i c u l i t e contaminated with asbes tos . T h e r e f o r e , .the
f o l l o w i n g d i s cu s s i on is based on the medical records of the
f our S c o t t employee s that d e v e l o p e d pleural abnormali t ie s .

The p o s s i b l e adverse e f f e c t o f expo sure t o asbestos-
contaminated vermicul i t e was reported to the EPA in December,
1978, when O.M. S c o t t & S o n s s ubmi t t ed i n f o r m a t i o n which
s ta t ed that b l o o d y p l e u r a l e f f u s i o n s ( t h e pre s ence o f b l oody
f l u i d in the p l eura l s p a c e ) had been de t e c t ed in 4 of its 350

•employe e s (O. M. S c o t t & S o n s 1 9 7 8 ) . The p l e u r a l changes
r e p o r t e d among the se e m p l o y e e s were s i m i l a r to those observed
among persons c h r o n i c a l l y exposed to asbe s to s minerals
( c h r y s o t i l e , a m p h i b o l e s ) or to g e o l o g i c a l l y r e l a t e d mineral s
( m i c a , t a l c ) ( P r e g e r 1 9 7 8 ) . T h e s y m p t o m a t o l o g y a n d c l in i ca l
f i n d i n g s in the f our employee s al so are s imi lar to those
f o u n d in i n d i v i d u a l s with a s b e s t o s - r e l a t e d d i s e a s e s ( P r e g e r
1 9 7 8 ) . The f o u r e m p l o y e e s r e p o r t e d symptoms such a s cough,
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f a t i g u e , d y s p n e a ( s h o r t n e s s o f b r e a t h ) , s w e a t i n g , chest pa in ,
h y p o t e ' n s i o n , coryza ( i n f l a m e d ruining n o s e ) , and a l o s s o f
a p p e t i t e . Che s t X-rays r evealed the pre s ence of f i b r o s i s and
pleural e f f u s i o n s .

A s b e s t o s - r e l a t e d p l eura l e f f u s i o n s a r e d i f f i c u l t t o d iagno s e
because of the lack of a t t e n t i o n that th i s m a n i f e s t a t i o n of
asbestos exposure has received. Even more d i f f i c u l t to
diagno s e are benign asbe s to s e f f u s i o n s . Up to 1977, only 50
cases of th i s a sbe s to s- induced p l e u r i s y had been d i a g n o s e d in
the wor ld . A comiton p r e s e n t i n g f e a t u r e is chest pain associ-
ated with moderate pleural e f f u s i o n ; the init ial component in

\three of the f our Scot t employee s . Recurrence of the
e f f u s i o n may occur ( P r e g e r 1978).

The interval between f i r s t a s b e s t o s expo sure and the onset o f
di s ea s e is a p p r o x i m a t e l y 20 to 40 years, however, there are
r epor t ed cases of i n t e r v a l s varying f r o m 3.5 to 53 years
a f t e r f i r s t e xpo sure ( S e l i k o f f 1 9 7 8 ) . T h e occurrence o f t h e
f o u r b l o o d y p l e u r a l e f f u s i o n s was appar en t in the S c o t t
emp loye e s a f t e r 4-12 years of employment (O. M. S c o t t & S o n s
1978).

The pre s ence of b l o o d y p l e u r a l e f f u s i o n s o f the lung i s an
advanced s t a g e o f p l e u r a l d i s ea s e with treatment rang ing
f r o m , and i n c l u d i n g , t h o r a c o c e n t f c e s i s (a surgical pro c edure
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p e r f o r m e d to a l l e v i a t e the pr e s s ur e in the p l e u r a l cavity due
to the increased amount of f l u i d ) to p l e u r o t o m y ( s u r g i c a l
inci s ion of the p l e u r a with s c r a p i n g ) .

A l t h o u g h the amount of p l e u r a l f l u i d which can be removed in
a hea l thy s u b j e c t by thoracoc en t e s i s is 15 ml, no l e s s than
50 ml and as high as 700 ml of b loody p l eura l f l u i d were
removed f r o m the f o u r S c o t t emp loye e s ( O . M . S c o t t & Sons
1978)• Ches t X-rays reveal that such e f f u s i o n s also may be
accompanied by a s b e s t o s i s ( p n e u m o c o n i o s i s caused by
inhalation of s u f f i c i e n t asbestos f i b e r s to cause lung
s c a r r i n g ) , hya l in e or c a l c i f i e d p l eura l p l a q u e s , a n d / o r an

\exudat ive p l e u r a l rind ( P r e g e r 1978). Lung scarring has been
noted in employee s of W . R . Grace & Company ( s u p p l i e r for O.M.
S c o t t & S o n s ) , however, no evidence of d i s ea s e in the Grace
employe e s has been reported ( E a t o n 1 9 7 9 ) .

In January 1979, OSHA. took chest X-rays and sp i rome tr i c
measurement s of 108 of the 221 S c o t t workers employed in the
t r i o n i z i n g , p a c k a g i n g , and maintenance d e p a r t m e n t s , areas
where the f o u r a f f l i c t e d workers had been e m p l o y e d . The most
recent X-rays of 17 a d d i t i o n a l t r i o n i z i n g workers were
obtained f r o m t h e c o m p a n y ' s medical f i l e s a n d s i m i l a r l y
reviewed and c l a s s i f i e d , t hu s , a t o ta l of 125 e m p l o y e e X-rays
were reviewed. T h i r t y - t w o of the 125 X-rays were abnormal.
T h e overa l l p r e v a l e n c e o f p l e u r a l a n d / o r i n t e r s t i t i a l
a b n o r m a l i t i e s were f o u n d in 16 of the 41 t r i o n i z i n g workers
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that were e xamined; 7 of the 32 maintenance workers; and 9 of
the 52 p a c k a g i n g workers. The p r o p o r t i o n of these
a b n o r m a l i t i e s increased with durat ion o f employment for a l l
d e p a r t m e n t s . ' The p r o p o r t i o n o f abnormal i t i e s a l so increased
with age (Brooks and S m i t h 1 9 7 9 ) .

*

I V . R I S K E V A L U A T I O N
The high l e v e l s of a sb e s t o s f i b e r s and the recent d i s c l o s u r e
that the employe e s of O.M. S c o t t & Sons who handl e asbestos-
contaminated v e r m i c u l i t e have e x i s t i n g hea l th problems
s u g g e s t the p o s s i b i l i t y of a larger prob l em, e.g., ri sks to
employee s hand l ing s imi lar asbestos-contaminated vermicu l i t e\
and to consumers exposed to produc t s that contain asbes tos-
contaminated vermicul i t e .

S i n c e 1956 , S c o t t emp loye e s h a n d l i n g non-expanded v e r m i c u l i t e
ore have been c h r o n i c a l l y . e x p o s e d ( c o n t i n u o u s e xpo sure to
smal l amounts of contaminant over a long p e r i o d ) to a sb e s t o s
( O . M . S c o t t & S o n s 1978 and W . R . Grace & Company 1 9 7 9 ) and
S c o t t e m p l o y e e s h a n d l i n g the e x p a n d e d v ermicu l i t e ore have
o c c a s i o n a l l y been acu t e ly exposed (such as the expo sure
encountered by the workers in the t r i o n i z i n g area where
measured a sb e s t o s expo sure l e v e l s have been as h igh as 245
f / c m ) to a sbe s to s ( O . M . S c o t t & Sons 1 9 7 8 ) .
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A l t h o u g h the i d e n t i f i e d v e r m i c u l i t e miners and proce s s or s
(W.R. Grace & Company and O.M. S c o t t & S o n s ) ins i s t that the
a sbe s to s expo sure l e v e l s are curr en t ly within the pre s cr ibed
O S H A asbe s t o s workplac e s t andard o f 2 f / c r a 3 ( 2 m i l l i o n f i b e r s
per cubic m e t e r ) , current EPA risk e s t i m a t e s p r o j e c t that 1
of every 10 workers exposed to this l evel of a sbe s t o s for 50
years w i l l die p r e m a t u r e l y f r o m an a s b e s t o s - r e l a t e d d i s ea s e
( O T E 1980).

U s i n g the a sbe s to s e xpo sure l e v e l s reported for W . R . Grace &
Company and O. M. S c o t t & S o n s e m p l o y e e s and the l inear
nonthre sho ld model one can derive risk e s t imat e s for workers
h a n d l i n g a sb e s t o s - contaminat ed vermicul i t e . In the mining
and\ screening of a sbe s t o s- contaminated v erra i cu l i t e the
workers are expo s ed to at l eas t 0.1 f / c r a 3 . For a 50 year
e xpo sur e at th i s l e v e l / 1 in 200 workers w i l l die p r e m a t u r e l y
of an a s b e s t o s - r e l a t e d di s ease . T h u s , whether the workers
h a n d l i n g a s b e s t o s - c on tamina t ed v e r m i c u l i t e are e x p o s e d to 0.1
f / c r a 3 , 2 f / c m 3 , or 100 t imes the OSHA workp la c e s t a n d a r d
( e . g . / in the t r i o n i z i n g d e p a r t m e n t workers have been exposed
to a s b e s t o s l e v e l s as high as 245 f / c m 3 ) / there is p o t e n t i a l
' f o r s i g n i f i c a n t risk t o workers h a n d l i n g asbe s to s-
c on taminat ed vermicu l i t e .

The l i n e a r n o n t h r e s h o l d model i s be ing used by the O f f i c e o fT e s t i n g and E v a l u a t i o n / E P A to p r o v i d e risk e s t i m a t e s inaccordance with E P A I n t e r i m G u i d e l i n e s f o r Carc inogen i c RiskA s s e s s m e n t ( 4 1 F R 21402, M a y 2 5 , 1 9 7 6 ) a n d t h e I n t e r a g e n c yR e g u l a t o r y L i a s o n G r o u p ' s g u i d a n c e ( 4 4 F R 39858 , J u l y 6 ,
1 9 7 9 ) .
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A l t h o u g h such e s t i m a t e s i n d i c a t e the p o t e n t i a l m a g n i t u d e o f
the h ea l th risk to workers h a n d l i n g asbes tos-contaminated
v e r r a i c u l i t e , p a r t i c u l a r l y those e m p l o y e d by W . R . Grace &
Company and O.M. S c o t t & S o n s , the ex t ent of the risk
as soc ia t ed with v e r m i c u l i t e mining and p r o c e s s i n g o p e r a t i o n s ,
in g e n e r a l , c u r r e n t l y cannot be . s imi lar ly evaluated for
several reasons. T h e s e reasons are:

1) I n f o r m a t i o n is ava i lab l e with r e spec t to 600 e m p l o y e e s
(150 O . M . S c o t t & S o n s emp loye e s and 450 W . R . Grace &
Company e m p l o y e e s ) who mine and proce s s asbestos-
contaminated vermicu l i t e f r om the Libby, Montana mine,

ii For an i n d e p t h evaluat ion of risk, i n f o r m a t i o n also is
needed on the number of employe e s exposed at the other
e x p a n d i n g p l a n t s to which W . R . Grace & Company
d i s t r i b u t e s , the content of a sbe s to s in other
vermi cu l i t e d e p o s i t s ( e . g . , S o u t h C a r o l i n a , V i r g i n i a ,
G e o r g i a and N o r t h C a r o l i n a ) and the number of mining and
proce s s ing employee s exposed to vermicul i te f rom these
sources, i f a s b e s t o s - c on tamina t ed .

2) The c o n c e n t r a t i o n o f a s b e s t o s and the s ize d i s t r i b u t i o n
of the f i b e r s in the a s b e s t o s - c on tamina t ed v e r m i c u l i t e
to which workers are exposed must be bet ter q u a n t i f i e d
f or a d e t a i l e d risk a s s e s sment .



3 ) T h e f o l l o w i n g f a c t o r s s u g g e s t that t h e h e a l t h e f f e c t s
seen in the S c o t t employe e s are caused by the asbe s to s
in the v ermicu l i t e : a) asbe s to s is pre s en t in the
vermicu l i t e f r o m the W. R. Grace & C o m p a n y ' s L i b b y ,
Montana mine; b) the h e a l t h prob l ems observed among the
O. M. S c o t t & Sons employee s are comparable with those
h e a l t h problems as soc iated with a sbe s to s ( b l o o d y p l e u r a l
e f f u s i o n s ) ; c) there is no evidence to ind i ca t e that
the h e a l t h e f f e c t s the workers are e xp er i en c ing are not
a s b e s t o s - r e l a t e d ; and d) the f i b e r l e v e l s monitored at
v e r m i c u l i t e mining and proce s s ing p l a n t s were equal to

• or greater than the OSHA workplace s tandard for a sbe s to s
e xpo sur e ( 2 m i l l i o n f i b e r s p e r cubic m e t e r ) . H o w e v e r ,
the p o s s i b l e f i b r o u s nature o f the v e r m i c u l i t e , other
f i b e r s in the material or a combination of asbe s to s and
other f i b e r s may contr ibute to the observed h e a l t h
e f f e c t s . For p u r p o s e s o f a q u a n t i t a t i v e risk a s s e s sment
of v e r m i c u l i t e , the i d e n t i t y of other f i b e r s and the ir
contribut ion to the hea l th problems would require
e l u c i d a t i o n . However , for a risk as se s sment on
a s b e s t o s - c on tamina t ed v e r m i c u l i t e , the cau sa t iv e agent
can be assumed to be a sbe s to s .
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V . R E C O M M E N D A T I O N S
The r e commendat ions p r e s e n t e d below are based on the
p o t e n t i a l degree o f r i sk o f a s b e s t o s - r e l a t e d d i s ea s e s among
workers who mine and pro c e s s a s b e s t o s - con taminat ed vermicu-
l i t e and the adequacy of the a v a i l a b l e d a t a on vermicul i t e
for c on t inua t i on o f a s s e s sment ac t iv i t i e s .

A. I n i t i a t e data ga ther ing ac t iv i t i e s . Most of the
e xpo sure i n f o r m a t i o n curren t ly ava i lab l e i s s p e c i f i c to
the Libby/ Montana mine which s u p p l i e s 80% of the
v ermi cu l i t e that W . R . Grace & Company d i s t r i b u t e s in the
U . S . T h i s p a r t i c u l a r mine is known to be contaminated
with a sbe s to s and to s u p p l y 50% of the vermicul i t e used
by 0.M. S c o t t & S o n s . H o w e v e r / other sources indi ca t e
that the Palabora Mine in S o u t h A f r i c a ( f r o m which O . M .
S c o t t & S o n s obtains the remaining 50% of its
v e r m i c u l i t e ) may not be a s b e s t o s c on taminat ed . The
p o s s i b l i t y of a sb e s t o s contaminat ion in other m a j o r
v e r m i c u l i t e s u p p l i e s , and the number of proce s sor s that
these mines d i s t r i b u t e to, are unknown. T h e r e f o r e , to
f u l l y assess the degree of risk to workers who mine and
proce s s a s b e s t o s - c o n t a m i n a t e d v e r m i c u l i t e , t h e f o l l o w i n g
i n f o r m a t i o n i s n e e d e d :

1 ) i d e n t i f i c a t i o n o f a l l m a j o r v e r m i c u l i t e d e p o s i t s
that contain a sb e s t o s and q u a n t i f i c a t i o n of the
a sb e s t o s content o f the se mineral d e p o s i t s ;



2} the v e r m i c u l i t e proce s s or s s u p p l i e d by these mines;

3) the t o ta l number of e m p l o y e e s expo s ed to asbe s to s-
contaminated v erra i cu l i t e in the v e r m i c u l i t e
i n d u s t r y ; and

4) personal and environmental moni tor ing d a t a on the
a s b e s t o s l e v e l s at the various vermicul i t e mining
and p r o c e s s i n g sites.

Previous moni tor ing da ta and h e a l t h r e cord s of e m p l o y e e s
. expo s ed to a sb e s t o s- contaminated v e r m i c u l i t e , i f avail-^

ab l e , a l s o are of importance in d e t e r m i n i n g v / h e t h e r an
exposed p o p u l a t i o n is s t i l l at risk and in d e t e rmin ing
and r u l i n g out causative agents .

B. Expand d a t a ga ther ing a c t i v i t i e s and f u t u r e a s s e s sment
a c t i v i t i e s to eva lua t e the risk of a s b e s t o s - r e l a t e d
d i s e a s e s among consumers using p r o d u c t s that contain
a sb e s t o s - con taminat ed v e r m i c u l i t e . Because certain
consumer p r o d u c t s contain l a r g e quan t i t i e s o f
v e r m i c u l i t e ( e . g . , w a l l b o a r d and lawn care p r o d u c t s ) ,
a sb e s t o s - c on tamina t ed v e r m i c u l i t e may pose a risk to the
general p o p u l a t i o n . R e p r e s e n t a t i v e s o f W . R . Grace &
Company, for e x a m p l e , have r epor t ed that improper
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h a n d l i n g of c er tain p r o d u c t s , such as w a l l b o a r d could
r e s u l t in e x p o s u r e to a sbe s to s f i b e r s above the current
OS HA. a s b e s t o s w o r k p l a c e s tandard of 2 f / c m 3 ( E a t o n
1 9 7 9 ) .

•
S p e c i f i c i n f o r m a t i o n needed in this area i n c l u d e s :
1) the l e v e l s of a sb e s t o s contamination remaining in

v e r m i c u l i t e a f t e r mining and p r o c e s s i n g ;

2 ) i d e n t i f i c a t i o n o f consumer p r o d u c t s that contain
v e r m i c u l i t e and q u a n t i f i c a t i o n of the a sbe s to s
contamination in these p r o d u c t s ; andx

3) i n f o r m a t i o n on the p r o d u c t i o n and s a l e s volumes of
these p r o d u c t s .

C . I n i t i a t e p r e - r e g u l a t o r y control o p t i o n s a n a l y s i s . T h e
ava i lab l e data i n d i c a t e that workers who mine or proce s s
v e r m i c u l i t e f r om W . R . Grace & C o m p a n y ' s L i b b y , Montana
mine are exposed thereby to a sbe s to s l e v e l s that pre s ent
a s i g n i f i c a n t risk of serious a s b e s t o s - r e l a t e d d i s ea s e s .
Even in the absence of c o m p l e t e i n f o r m a t i o n on the size
and e xpo sur e ( r i s k ) l e v e l s o f th i s worker p o p u l a t i o n , a
p r e l i m i n a r y a n a l y s i s o f t h e r e g u l a t o r y control o p t i o n s
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should be p e r f o r m e d to h e l p f o c u s the type and d e p t h of
ri sk a s s e s sment a c t i v i t i e s that would be needed to
s u p p o r t any r e g u l a t o r y action on thi s prob l em.

D. D e f e r a d d i t i o n a l a s s e s sment a c t i v i t i e s unti l the control
o p t i o n s a n a l y s i s a n d / o r da ta ga ther ing a c t i v i t i e s ar e
c o m p l e t e d .
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